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MIDDLE INITIAL OR NAME 


FAMILY (OR LAST) NAME 
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GIVEN NAME 


MIDDLE INITIAL OR NAME 


FAMILY (OR LAST) NAME 




GIVEN NAME 


MIDDLE INITIAL OR NAME 


FAMILY (OR LAST) NAME 



3. Residence address(es) of the inventors), as numbered above (37 C.F.R. §1.51(c)(1)(iii): 



1. 9674 Flrelands Drive, Twinsburg, OH 44087 

2. 

3. 

4. The title of the invention is (37 C.F.R. § 1.51(c)(1)(iv)): 

REAL-TIME PCR FOR THE DETECTION OF ALL SALMONELLA SPECIES 
(PM4-SALMONELLA) PCR, WITH DIFFERENTIATION OF S. TYPHI FROM 
NON-TYPHI SALMONELLA 

5. The name, registration, customer and telephone numbers of the practitioner (if 
applicable is (37 C.F.R. § 1.51(c)(1)(v}): 

Name of practitioner: Richard S. Wesorick 

Reg. No.: 40,871 ; Tel. (216) 621^2234 

Customer No. 26.294 

(complete the following, if applicable) 
□ A power of attorney accompanies this cover sheet. 

6. The docket number used to identify this application is (37 C.F.R. §1.51(c)(1)(vi)): 
Docket No.: CCF-6566PV 

7. The correspondence address for this application is (37 C.F.R. §1 .51(c)(1)(vii)): 

TAROLLI, SUNDHEIM, COVELL & TUMMINO L.L.P. 
526 SUPERIOR AVENUE, SUITE 1111 
CLEVELAND, OH 44114-1400 

8. Statement as to whether invention was made by an agency of the U.S. Government or 
under contract with an agency of the U.S. Government. (37 C.F.R. § 1 .51(c)(1)(viii)). 

This invention was made by an agency of the U.S. Government, or under contract with 
an agency of the U.S. Government. 

No. 
□ Yes. 

The name of the U.S. Government agency and the Government contract number 
are: 
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9. Identification of documents accompanying this cover sheet. 
A. Documents required by 37 C.F.R. §§ 1.51(c)(2)-(3): 

Specification: No. of pages EIGHT (8) 

Drawings: No. of sheets THREE (21 rfFiqs. 1-31 

Additional documents: 



No. of claims FIVE (S) (ONE (1) Pages) 
No. of pages N/A 



Note: 



B. 

Claims: 
^ Abstract 

See 37 C.F.R. § 1.51. 

□ Power of attorney 

□ Small entity assertion 

□ Assignment 

□ English language translation of non-English provisional application 

NOTE: A provisional application which is filed in a language other than English, does not have to have an English 
language translation. See 37 C.F.R. § 1.52(a)(2). However, if the provisional application is not in the English 
language and will later serve as a benefit of its filing date for a nonprovisional application, other than a design 
patent, or for an international application designating the U.S., then an English language translation must be 
fried in the provisional application or the later filed nonprovisional application. See § 1. 78(a)(5)(iv). 



10. 



□ 

□ 
Fee 



This application is in a language other than English and an English translation 
along with a statement of its accuracy is submitted herewith. 

Other 



The filing fee for this provisional application, as set in 37 C.F.R. § 1.16(k), is $160.00, 
for other than small entity, and $80.00, for a small entity, v 

£*] Applicant is a small entity. 

NOTE: "A... statement in compliance with exisb'ng § 1.27 is required to be filed in each provisional application in 
which it is desired to pay reduced tees. " Notice of April 14, 1995, 60 Fed Reg. 20, 195, at 20, 197. 

1 1 . Small entity statement assertion 

□ The assertion that this is a filing by a small entity under 37 C.F.R. § 1 .27 (c)(1) is 
attached ("ASSERTION OF SMALL ENTITY STATUS"). 

S Small entity status is asserted for this application by payment of the small entity 
filing fee under § 1 .16(k). 37 C.F.R. § 1.27(c)(3). 



12. Fee payment 

S Fee payment in the amount of $ 80.00 



is being made at this time. 



□ No filing fee is to be paid at this time (This and the surcharge required by 37 C.F.R. 
§1.1 6(l) can be paid subsequently). 
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1 3. Method of fee payment 

^ Attached is a ^ check □ money order in the amount of $ 80.00 



Authorization is hereby made to charge the amount of $ 0.00 . 

S to Deposit Account No. 20-090. 

□ to Credit card as shown on the attached credit card information 
authorization form PTO-2038. 

WARNING: Credit card information should not be included on this form as it may become public. 

Charge any additional fees required by this paper or credit any overpayment 
in the manner authorized above. 

A duplicate of this paper is attached. 

Date: 

Tel.: 

Date: April 29, 2003 



Signature off submitter 




Reg. No. 40,871 Richard S. Wesorick 



(type or print name of practitioner) 

Tel. No. (216) 621-2234 Tarolli, Sundheim, Covell, 

& Tummino L.L.P. 
526 Superior Avenue, Suite 1111 



P.O. Address 

Customer No.: 26,294 Cleveland, OH 44114-1400 
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REAL-TIME PCR FOR THE DETECTION OF ALL 
SALMONELLA SPECIES (PAN-SALMONELLA) PCR, WITH 
DIFFERENTIATION OF & TYPHI FROM NON-TYPHI SALMONELLA 

BACKGROUND OF THE INVENTION 

Salmonella can be identified from stool using cultures. Culture for Salmonella species 
from stool is time-consuming and lacks sensitivity. For the identification of Salmonella isolates 
from a stool culture, primary screening agar plates are used, sometimes in conjunction with 
enrichment broths. Suspect isolates, which are often present are screened using additional 
screening agars (The triple sugar iron agar, lysine iron agar, and urea agar). Biochemical 
identification is then performed, and, if positive, serologic confirmation is used. Because only 
approximately 2% of cultured stools contain Salmonella, an incredible amount of work occurs 
due to bacterial "look-alikes" (lactose negative members of the Enter obacteriaceae). 

Salmonella species are identified from positive blood cultures by routine biochemical 
methods. In developing countries, including countries where U.S. troops may be involved, 
typhoid and paratyphoid fever (enteric fever) is endemic. The rapid identification of Salmonella 
directly from the blood specimen may save two days over current technology, and help 
distinguish enteric fever from other tropical febrile illnesses, such as malaria. 

One method regarding the detection of Salmonella on poultry involves real-time PCR. 
The invA gene has been used for the detection of Salmonella strains in feces. Other PCR assays 
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for Salmonella target the 1 6S ribosomal subunit gene complex or genes that encode flagellar 
antigens. These assays however do not differentiate the S. typhi isolates from the non-Typhi 
Salmonella. A variety of PCR assays have been used for detection of S. typhi, including some 
that target genes that encode the Vi antigen. Real-time formats for the detection of S. typhi by 
the detection of the vexC gene however have not been described. 

SUMMARY OF THE INVENTION 

One aspect of the invention relates to a portion of nucleic acid that is useful for detection 
of all Salmonella strains and differentiation of these strains from other bacteria. In addition, this 
portion of nucleic acid contains genetic information useful for the differentiation of S. typhi from 
non-Typhi Salmonella. 

Another aspect of the invention relates to a real-time PCR assay that detects a specific 
portion of the organism's genome, a portion of the prgK gene, which we have shown is useful for 
the detection of all Salmonella, differentiation of Salmonella from other bacteria, and 
differentiation of Salmonella into Typhi and non-Typhi groups by melt curve analysis. 

A further aspect of the invention relates to a portion of nucleic acid that affords the 
specific detection of only S. typhi from all other bacteria, including other Salmonella isolates. 

Yet a further aspect of the invention relates to a real-time PCR assay that detects only 
S. typhi, by the detection of the vexC gene, a portion of the gene complex associated with the Vi 
antigen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present invention will become apparent to one 
skilled in the art to which the present invention relates upon reading the following description 
with reference to the accompanying drawings. 

FIG. 1 is a graph illustrating all Salmonella isolates that are detected by the Pan- 
Salmonella assay. 

FIG. 2 is a graph illustrating that melting point analysis differentiates the Salmonella into 
three groups: S. typhi (left), S. typhimurium (right), and all other Salmonella (center). 
FIG. 3 is a graph illustrating that the S.typhi specific PCR only detects S. typhi. 
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DETAILED DESCRIPTION 

The present invention relates generally to a portion of nucleic acid that is useful for 
detection of all Salmonella strains and differentiation of these strains from other bacteria. In 
addition, this portion of nucleic acid contains genetic information useful for the differentiation of 
S, typhi from non-Typhi Salmonella. The present invention also relates generally to a portion of 
nucleic acid that affords the specific detection of only S. typhi from all other bacteria, including 
other Salmonella isolates. 

These portions of DNA are amplified by PCR using PGR primers, and the detection and 
differentiation of all Salmonella isolates (for the pun-Salmonella PCR) and S. typhi (for the 
S. typhi PCR) is achieved using fluorescently-labelled hybridization probes. This assay is 
performed using real-time PCR in the LightCycler system, employing fluorescent resonance 
energy transfer (FRET) and differential melting temperature technology. This system is 
commercially-available, but only limited assays for this system are commercially marketed by 
the company (Roche). The same primers/probes could be used in other real-time PCR systems. 

In brief, the pan-Salmonella PCR amplifies and detects all clinically-relevant isolates of 
Salmonella (FIG. 1). The hybridization probes are used primarily for the detection of the 
amplified product, but also afford differentiation of S. typhi from non-Typhi Salmonella by 
melting point analysis (FIG. 2). Melting point analysis determines the temperature at which the 
hybridization probes disassociate or melts off the target DNA sequence. Melting point analysis, 
therefore, is dependent upon the nucleotides present in the DNA sequence. We have found that 
the melting point differs between the S. typhi and other Salmonella species in the pan-Salmonella 
real-time PCR assay. Although we proved this differentiation with cultured isolates, we 
considered that when employed, users may desire a confirmatory assay for S. typhi (FIG. 3). 
Therefore, we constructed a real-time PCR that amplified and detects a portion of the gene that 
encodes the Vi antigen. This assay also is dependent upon the sequence of the target nucleic 
acid. We have identified a nucleic acid sequence that makes such an assay possible, and 
constructed primers and hybridization probes that makes this assay possible. 



The Van-Salmonella Assay 

A variety of genes of Salmonella are associated with cellular invasion. We targeted a 
portion of one of these genes for the pan-Salmonella PCR, the prgK gene. The GenBank entry 
used was AE008831 (S. typhimurium). The prgK gene is thought to encode a lipoprotein that 
links inner and outer membrane proteins of this complx. The prgK is located from basepair 4139 
to basepair 4897 (GenBank # AE008831, underlined portion of SEQ NO. 1 listed below). The 
portion of the prgK gene used for this assay is located from basepair 41 79 to basepair 4372. In 
Styphi (GenBank # AL627276), the location of the prgK gem is 165010 to 165768 and is 
distinct from the invA gene, which has been previously used for Salmonella PCR, and is located 
from 188400 to 190457. Other regions within this gene complex would likely also be suitable 
for the development of a similar assay. 

The S. typhi PCR assay 

There are a variety of genes that encode or are associated with the Vi antigen of S. typhi. 
We chose one of these genes, the vexC gene, as the target for the real-time S. typhi PCR. This 
product of this gene is thought to be a polysaccharide ATP binding protein. The vexC is located 
from basepair 41900 to basepair 42595 (GenBank # AL627283, underlined portion of SEQ 
NO. 2 listed below). The portion of the vexC gene used for this assay is located from basepair 
42395 to basepair 42595. Other regions within this gene complex would likely also be suitable 
for the development of a similar assay. 

Vm-Salmonella Assay 

Forward Primer: 5 '-CCTTTCTTATTGCGGGC A-3 ' 

Reverse Primer: 5 '-GCCGATGTGGATTATGAC-3 ' 

Hybridization Probe 1 : 5 '-GGATTGTTTTGATTATTTTGTT ATCCGTGATG-FITC-3 9 

Hybridization Probe 2: 5*- LCRed705-AGCAGGCTTTGGCGT-P-3' 

Salmonella typhi PCR 

Forward Primer: 5'-ACCCCGTAGCCCAATA-3* 

Reverse Primer: 5 ' - AGG AG AGACGC ATTCG- 3 ' 

Hybridization Probe 1 : 5 '-GCATATCGGTATTCTGGCGGC-FITC-3 ' 

Hybridization Probe 2: 5'- LCRed640-CTGGTTCAGGC AAAACG ACG-P-3 ' 
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TABLE 1 





GenBank Number 


Position 


Target 


Pan-Salmonella 
Forward Primer 


AE008831 


4179-4196 


PreK eene 


Pan-Salmonella 
Reverse Primer 


AE008831 


4372-4355 


PrgK gene 


Pan-Salmonella Hybridization 
Probe 1 


AE008831 


4266-4201 


PrgK gene 


Pan-Salmonella 
Hybridization Probe 2 


AE008831 


4179-4196 


PrgK gene 










S. typhi 

Forward Primer 


AL627283 


42395-42410 


VexC gene 


S. typhi 

Reverse Primer 


AL627283 


42610-42595 


VexC gene 


S. typhi 

Hybridization Probe 1 


AL627283 


42500-42521 


VexC gene 


S. typhi 

Hybridization Probe 2 


AL627283 


42524-42458 


VexC gene 



We have tested 274 bacterial isolates, of which 101 were various strains of Salmonella 
(TABLE 2). The Salmonella isolates tested included 23 strains of S. typhi, 24 strains of 
S. paratyphi, 15 strains of S. typhimurium, 6 strains of S. enteriditis, and 5 strains of 
S. cholerasuis. Other important enteric pathogens tested included 35 strains of Shigella, 
representing all four species, 27 strains of Yersinia enter ocolitica, 12 strains of E. coli 0157:H7, 
and a single Campylobacter jejuni isolate. The remainder of the organisms tested consisted of a 
variety of bacteria that may be present in clinical specimens and isolated in the clinical 
microbiology laboratory. 

The pan-Salmonella assay correctly detected all isolates of Salmonella tested and the 
melting curve of S. typhi was distinctive from the melt curves of other Salmonella species. The 
& typhi assay was positive only for the isolates of S. typhi There was no cross-reactivity with 
the other bacteria tested. 
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TABLE 2 



Light Cycler Results 

Bacterial PCR Test Battery vs Pan Salmonella and Styphi 
Hybridization Probes 





Pan Salm 
LC result 


Styphi 
LC result 




Pan Salm 
LC result 


Styphi 
LC result 


Organism (n) 


Organism (n) 














Staph aureus (5) 






Providencia (2) 






Staph epidermidis (3) 






Shigella sonnei (10) 






Staph saprophyticus (2) 






Shigella flexneri Ornim R ( \1\ 






Micrococcus (2) 






Shigella boydii, Group C (6) 






Stomatococcus (2) 






Shigella dysenteriae, Group A (2) 






Lactobacillus (2) 






Burkholderia (2) 






Enterococcus (3) 






Yersinia kristensenii 






Viridans streptococcus (3 ) 






Yersinia pntfmf-nlitirn Cyi\ 






Strep pneumoniae (3) 






Citrohacler (1\ 






Group A streptococcus (3) 






h. coli (2) 






Group B streptococcus (3) 






E coli 01 ^7 (\7} 






Aerococcus (3) 






Proteus CW 






Listeria (3) 






Klebsiella m 






Bacillus (3) . 






fntpmhartw fX~\ 

L.I lit 1 UUtH, ICI \J) 






Salmonella typhimurium (15) 


+ 




I KUUUI 1 ASllUa \Jf 






Salmonella enteritidis (6) 


+ 




/vl iiiciuudt icr \ j ) 






Salmonella typhi (23) 


+ 


+ 


Haemophilus (3) 






Salmonella cholerasuis (5) 


+ 




Neisseria meningitidis (3) 






Salmonella paratyphi (24) 


+ 




Neisseria gonorrhoea (3) 






Salmonella agona 


+ 




Non -gonococcal Neisseria sp (3) 






Salmonella oslo 


+ 




Moraxella (3) 






Salmonella poona 


+ 




Bacteroides (3) 






Salmonella heidelnerg (5) 


+ 




Aflpia felis 






Salmonella infantis (8) 


+ 




Vibrio cholerae 






Salmonella newport (2) 


+ 




Eikenella corrodens 






Salmonella alachua 


+ 




Pasteurella multocida 






Salmonella javiana 


+ 




Campylobacter jejuni 






Salmonella havana 


+ 




Serratia (3) 






Salmonella senfrenberg 


+ 




Mesorhizobium haukuii 






Salmonella an a turn 


+ 




Rhizobium sp 






Salmonella saint paul 


+ 




Bartonella henselae 






Salmonella bcita 


+ 




Bartonella quintana 






Salmonella braenderup • 


+ 




Corynebacteria (3) 








+ 











Total Organisms tested 274 
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This technology can be used to confinn the identity of isolates suspected to represent 
Salmonella, which would replace biochemical testing. This assay could rapidly identify the stool 
specimens thai contain Salmonella (approximately 2% of stools submitted for culture), but more 
importantly would rapidly identify stool specimens that did not contain Salmonella, which would 
save labor and materials. This assay could also be used by the food and veterinarian industries 
for the rapid identification of Salmonella in food products and animals, respectively (3). The 
identification of S. typhi by melt point analysis is an attractive feature, since S. typhi causes 
enteric fever (a systemic illness with high mortality), as opposed to enteritis (a diarrheal disease), 
the most common form of salmonellosis in the United States. The & typhi PCR could be used to 
confirm a S. typhi melting point obtained from the pan-Salmonella assay, to screen travelers or 
immigrants for colonization by S. typhi, or by the food or water industry, especially in 
developing countries where S. typhi is endemic. 
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SEP. NO. 1 



Prgk gene 4139-4897 (underlined) Genbank No. AE008831 

4081 atggatatac gataacggat caaaaatgat tctttgccag ataatgggta atggctgcct 
4141 attcattt qa cqatttcqcc ttatcatcaq ccqttatqcc tttcttattg cggqcataat 
. 4201 ggtttttgta ataccaqacg ccaaagcctq ctqacatcac qqataacaaa ataatcaaaa 
4261 caatccaact qqttqcaaaa qaattacqtt ttactqqtqt qccgqqaqcc tqtaattqqq 
4321 catcaqaacg ttctqacaac acaacaqaaa tqttqtcata atccacatcq qcaaaactat 
4381 tctttaagaa acgcttq ata tcqctqatct qatqcgcaag cqqcqaacct cgttcatata 
4441 cggctaatgc cgacagatga acaqqttttq qcqqqcgqcc attttcacca qcatcaatat 
4501 cataactaat atqqa ccctq qcqqaqaqca cqccctccat cqtctqtaat qactqttcca 
4561 gtcgctqt tc aatagccgaa tataacctqq ccttttcaqc tcqcqqaqac qataccaqcq 
4621 aatccqcc gg qaacatctqc qctatttcca cccgtqqccq qqqaqqaaqc tqataaqttt 
4681 taatccaq ta caccqcaqcq gtaaaatcaq qctcaqcaac qqtaatgcta taqcccaatt 
4741 ttccgctatc aattttattc qcctctatat tqtgcatttq cagaacqqca atgacctcat 
4801 tagcctgttc ctggtccaqt ccttttaaaa qatccttatc cttacagccq qcaa^gtHa 
4861 ttaccagcag aaaagtatat aqatatc gac gaatcatgag cgtaatagcg tttcaacagc 

SEP. NO, 2 



VcxC gene 41900-4295 (underlined) Genbank No. AL627283 

41881 ctatccgtat atttactaa t taLatatcaa aqqaataatc ttcaqtttga atcqtcqcct 
41941 gatttqac tq atattqttca aaaaqcqcaq ttqcctqcgc taaatcttca cacattqtaa 
42001 tttttccatg caqcaqtacg ccaaacqcat gacagtgttc tttaataagc cgagqqttqt 
42061 qcqttaqc ac aatcaaccct ttctqttqca qctqacaaqc taqcqccgcc tgcatacqca 
42121 actgtgtggc attatccccq qtqtacaqct tqccatcaqc aatataaagq cqqcaqqqaa 
42181 gcagtaaa tt aatqqcaaat qccaqatqcq ttttcatcqt qacaqaatat tcactcaccc 
42241 tgtcggtata gcactgttca aqctqqqtca attgataarca gaaatqtqaa aactcatcgc 
42301 catccaggcc atataqactt qccatcattc qcqcattctc ctcaccqqtt aaccctqqca 
42361 qaataaaa qa gtttqccccc aqtgqgaqcq catcaccccg taqcccaata aaatccccct 
42421 catcaqqa qc atccaqgcca cacaqcaacc tgqttaqcqt cqttttgcct qaaccagqaq 
42481 ccqccaga at accqatatgc tcatggtagc ccatqacaaa atctqtttta tcaaqqacca 
42541 cccgcqqq cc cttatcaqac tcaaaataqc gtgtacaacc taata aaccq aacacgaatg 



I laving described the invention, I claim the following: 

1. A portion of nucleic acid that is useful for detection of all Salmonella strains and 
differentiation of these strains from other bacteria. 



2. A portion of nucleic acid containing genetic information useful for the 
differentiation of S. typhi from non-Typhi Salmonella, 

3. A real-time PCR assay that detects a specific portion of the organism's genome, a 
portion of Ihe prgK gene, which is useful for the detection of all Salmonella, differentiation of 
Salmonella from other bacteria, and differentiation of Salmonella into Typhi and non-Typhi 
groups by melt curve analysis. 

4. A portion of nucleic acid that affords the specific detection of only S. typhi from 
all other bacteria, including other Salmonella isolates. 



5. A real-time PCR assay that detects only S.typhi, by the detection of the vexC gene, 
a portion of the gene complex associated with the Vi antigen. 
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